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TREATMENT OF TYPE 1 IMMUNE RESPONSE-MEDIATED 
INFLAMMATORY LUNG DISEASE BY 
MODULATION OF lEN-GJ^MMA ACTIVITY 

FIELD OF THE INVENTION 

The pxesent invention lelates to pieventing, or tieating and/or reducing the severity or 
progression of Type 1 immune response^ediated inflammatory lung disease. More 
particularly, the present invention provides a method for preventing or treating 
chronic obstnictive pubnonary disease (COFDX severe asthma, sarcddosis, 
beiymoas or ey^c fibrosis neutralizfaig or reducing IFNy hioactivily which can be 
achieved ei&er by in vivo administration of IFNy neutralizing molecules or by m 
Vivo immunization wifli pharmaceutical coinpositioiis*conqxrising immunogenic IFNy 
proteins or IFNy-derived (poly)peptides or their conespondmg nucldo add 
sequences. 

BACKGROUND ART 

The present invention relates to p ieventing the onset of syn^itoms, treating and/or 
reducmg flie severity or progression of CX3PD and other Type 1 immune response- 
mediated (Tl) inflammatory lung diseases such as, but not limited to, severe asthma, 
sarcoidosis, berylliosis, and cystic filHOSis. Tl inflammatory hmg diseases are 
diaiacteiized by a Type 1 hamune response mediated by T he^- 1 cells (C3>4+) and 
T oytotoido-l cells (CD8+) and by increased production of interferon gamma (IFNy), 
tumor necrosis fector (TNF), and interleukm-2 (TL-2). Tl cytokines evoke cell- 
mediated hnmunity characterized by promment lung tissue infiltmtion of 
macrophages, neutrophils, and T-oells. 

Severe asthma 

Asthma is a disease of the respiratory system characterized by hyper-responsiveness 
to bronchoconstricting stimuli, inflanomation, and changes in respiratory epithelium. 
Asthmatic patients in whom the disease process is either xefiactoacy to ihmpy or 
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lequixBS persxstent use of lii£^ dose systemic anti-inflamTnatofy corticosteimds in 
Older to in^ititn ^n reasonable control of symptoms are refened to in literature as 
patients suffenng from severe or irreversible or refractory as&ma (Kaplan et al., 
2000). Patients severe pendstent asdmm have continual symptoms, frequent 
exacerbations, frequent nigihttime sfymptoms and evidence of severe obstructive lung 
disease on pulmonary frmction testing (Forced Bxpiratory Volume in one second: 
FEV1<60%). The narrowing of airways causes ventilation perfusion inibalance, lung 
l^erventilation, and increased work of breathing that may lead to ventilatory muscle 
fttigne and life-tineatenlqg resptra to ry failure (JPagMa S. et sd^ 2002). WO 01/34180 
1^ Blodc Lotz-Hemiing describes the use of IFK-y for the treatment of severe asthma 
bronchiale. New effective treatments ace needed for this subpopulation of asthmatic 
patients (Stirling R-G. md Oiung KJ?., 2^^ 

Increased numbers of .neutrophils are observed in the lung, mucosa and die 

.. - i' ■ , .'.».'.' A I* ^* • r • • » , ' 

.bronchoalveolar fluid of severe ..asthmatics (Wenzel et al., 1997). Eicosanoid 
mediators such as tiirombaxane and leokotriene B4 are also high in the luiig tissue of 
tiiese patients. No difference in eosinophO concentration is observed in BAL fluid 
derived from healthy controls or from severe asthmatics. 

Severe asftma is dififerentiated from mildAiraderate astinna by distinct inflammatcMy 
processes involving varied cytokine eaqxression profiles and/or effector cells. In 
contrast to severe asthmatics, mild or moderate asthmatics show enhanced 
concentrations of eosinophils in tiieir lungs and a lype 2 inflammation characterized 
by predominant infiltration of T helper-2 T lynyphocytes that produce ILr4, IL-9 
and IL-13. Neutrophils are absent Symptoms in mild to moderate asthmatics are well 
controlled by treatment witii p2-agoiiists and corttcosteioids. 

Sarcoidosis 

Sarcoidosis and berylliosis are interstitial famg diseases. The inteis U t ui m (die space 
between die tissues) of the Inqgs indudes portions of the ccmnective tissue of die 
blood vessels and air sacs. Interstitial lung diseases begin with inflammation of die 
lung cells. The lungs stiffen as a result of inflammation of the air sacs (alveolitis) and 
scarring (fibrosis) CHie Lungs in Health and Disease, National Heart, Lung and Blood 
Institute NIH Pi&lication No. 97-3279, Aqgust 1997). 
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SaxGoidosis is a sfysteoaic granulomabios disease of unknown aetiology and world- 
wide distiibution. It most commonly affects yomig adults and presents as with 
bilateral hilar lynaphadenopalhy, pulmonaiy infiltration, reticuloendothelial 
involvement, eye and skin lesions. Shortness of breath (ctysfpnea) and a cough that 
win not go aw^ can be among fhe first symptoms of satooidosis (Sarcoidosis, 
National Heart, Lung, and Blood Institute; NIH piiblication No. 95-3093, reprinted 
July 1995). The liallinarlc of pulmonary sarcoidosis is a mononuclear alveolitis which 
is characterized by activated CI>H- lyn^hocytes, monocytesAnacrophages, and non- 
caseatixig gmnulomas. An itwiMiflw*fl jn tiie expression of Tl and T2 cytokines by 
alveolar ceDs is tiioui^ to play an inqKxriant role in die immanppathogenesns of 
sarcoidosis. It is well established tiiat Tl cytokines are important mediators in 
pulmonary sarcoidosis and tiiat there is a dependence of granulomatous inflammation 
. on.Tl cytokines. . Alyeo}ar,oells spontaneously release die Tl cytokines IPNy and IL- 
.2. but not T2 dYtokme8.%.7HowevCT,:it is sujggested timt the cytokine patterns. change 
during the coarse of the disease (M511ers M., et al., 2001). Shigehara KL et al, 2001, 
demonstrated that IL-12 and IL-18 were increased in BAL fluids of patients with 
sarcoidosis. IL^12 and IL-1 S drive the immune refuse in to IVpe 1 direction, 
bi recent years, new tiiefiQries have been studied for sarcoidosis. Drugs used to fieat 
patients witii sarcoidosis are crarticosteroids, cytotoxic agents, immunomodiilators 
(chloroquine and hydroxychloFoquine) and die antileprosy drugs clofitdmine and 
minocycline. A key cytokine in chronic sarcoidosis ^^ars to be TNF. Drags that 
inhibit its release or block its bioactivity such as pentoxifylline and thali d om ide have 
been reported to be e£fective fbr treatment of sarcoidosis (Bnughman R.P., 2002). 

Berylliosis 

Berylliosis or Chronic Beryllium Disease (CBD) is an environmental chronic 
inflammatoiy disoider of fhe hmgs caused by inhalaticm of insoluble beryniom (Be) 
dust and characterized fhe accumulation of CD4+ T cells and macrcphages in die 
lower respiratory tract According to the type and level of Be e^osure, the reactions 
vary flom acute tracheobronchitis, chemical pneumonitis, and metal fume fever to a 
chronic granulomatous lung disorder. Lung T cells reqiond to beryllium with the 
release of Tl cytokines such as IL-2, die nugmticm inhibitor factor Q^dl^ 
TNF-ou Furthermore, a positive association witii a HLA class n allele, HLA-DP, has 
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been described (Saltisi C. et aL, 2001). Most patients treated with ccnticostennds 
need to lemain on tiieiaiiy to life (nossmatt MJD., 2001). 

Cystic Fibrosis 

Qystic fibrosis (CF) is an autosomal xecessive disorder caused by usea^ 1000 
different of the cystic filnrosis transmenibrane conductance regulator 

(CFTR) gene. It is a multisystem disorder characterized by defective electrolyte 
transport in epithelial cells and abnormally viscous mucus secretions 6om stands and 
mucus epitiielia. Synqitoms axe pancreatic insoffidem^CPI) associated witii neonatal 
mftfflffli™ ileus and chionic obstructive lung disease superin^osed witii recurrent 
c^ortumstic infections tiiat progressively destroy lung tissue. The i n fl a mma tory 
response is a primary cause of irreversible lung damage. Infl a mm ation is present in 
CP patients and ^ced^ tiie bacterial infections, as dononstrnted by increased levels 
of ;neutiopbilsj,!IWw^a^^^ Oflier ccwlicaticms.indude liver disease, chronic 
sinusitis, infertility in nmle patients and elevated sweat chloride concentrations. 
Despite advances in genomic technologies and drug discovery, drug fher^ often 
improves disease synqytoms but does not cure tiie disease. One of the main causes of 
tiiis feilure to cure CP nay be attributable to genetic variabilily and to tiie scarce 
knowle4ge of CF biocbemistry. Hie development of new treatments may be 
in^ortant for tiie life eqjectancy of patients. Current CP thera^jeutic strategies 
include lung transplantation, antimicrobial treatment, corticosteroids, non-stercridal 
anti-inflammatory drugs like ibiqnofen, ion channel Hhmpy^ protein-assist tiier^, 
and gene iSasstspy (Sangloolo F. et al.» 2002). 

CX>PD 

Caironic obstructive puhnonary disease (COPD) is cunentiy tiie sbctii leading cause of 
deatii and the 12tii leading cause of morixi^ world-wide. By tiie year 2020, COPD 
is escpected to be tiie tiurd leading cause of deatii and the fiftii leading cause of 
disability. 

COPD is a disease state characterized by chronic and slow progressive development 
of airflow limitation tint is not feUy reversible and is punctuated by q[dsodic 
exacerisations due to viral or bacterial mfections. The airflow limitation is assodated 
wifli an abnormal inflammatory response of the lungs to noxious particles or gases 
(Executive Summary, Global Strategy for the diagnosis, management and prevention 
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ofchiooicctetriuiivepiilioQnaiydi^^ COFD 
comprises chronic bronchitis, chronic obstiuclive bronchiolitis and emphysema 
(Leclde M J. ct al., 2000). Chronic bronchitis is defined as the occurrence of coug^g 
and by production of sputum on most days fi» at least 3 monflis over 2 consecutive 
years. En^bysema is chaiacteiisEed by destructive enlargement of airspaces witii loss 
of normal ardutectuxe and hmg elasticity. 

Cigarette smoking is the dominant fector for the development and progression of 
COPD. However, only 15% of smokers develop COPD and'>15% of COPD-related 
mortally occurs in people who have never smoked, suggesting tiiat o&er &ctot8 are 
important Genetic fjactors such as ai-antitrypsin deficiency, resulting in enhanced 
neutrophil elastase activity, account for 2% of emphysema patients and polymorphism 
"'r of the.TNF-rCt genei Reading to enhanced TNF production, may also play an important 
• ■ role; -The tole^of infections in botii tiie development and piogr^sion of COPD is 
getting increased attentioi^'ittcludiQg adenoviral and diinoviral infections in patients 
with emphysema. Occupational and environmental exposures to various pollutants 
are also considered to be iniportant fectoxs in the development of COPD. (Mannino 
D et al., 2002; Barnes P J., 2000). 

A dTflg"""g of GOTO should be ccmsidered in any patient who has syinptoms of 
cough, sputum production, or dyspnea, and/or a history of exposure to risk fectors for 
tiie disease. Exhaled gases (nitric oxide and carbon monoxide) and inflamm atory 
maxkeis in eadialed hreafli condensate can be used as non-invasive markers of COPD 
(Leckie M. J. et al., 2000). The diagnosis is confirmed by spirometry. The presence of 
a post-bronchodilator FEVi< 80% of tiie predicted value in combination with an 
FBVi/FVC < 70% confirms the presence of airflow limitation that is not fully 
reversible (FEVl = fecced expiratory volume in one second; FVC = farced vital 
cq^adty). 

A simple ffliiggifi«»tlnn of disease severity into four stages is recommended. All 
FEVivaloes refer to post-bronchodilator FEVi. 

• Stage 0: At Risk: characterized by chronic coug^ and sputum production. Long 
function, as measured by spirometry, is still no rmal. 
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• Stage I: MOd COPDi characterized by mfld airflow liinitaticm (PEVi/FVC < 70% 
bat FEVi 80% predicted) and usually* but not always, by dunmic coi^ and 
sputum production. 

• Stage II: Moderate COPD: characterized by worsening airflow limitation (30% < 
FEVi < 80% predicted) and usualfy the pnqgresskm of synqrtxmis, with shortness 
of bieadi typically develoinng on exertloa This is lbe stage at which patients 
typically seek medical attention because of dyspnea or an exaceri>atiQn of their 
disease. The division into stages HA. and IIB is based on the feet diat 
exaceibatMHis are especially seen in patioits wift an FEVibelow 50% predicted. 
Hie presence of repeated exacexbadons has an impact on the quality of life of 
patients and requires appropr iate management 

• Stage m: Severe COPD: characterized by severe auHow limitation (FEVi < 30% 
rv:;t.p,;^cted) or the presence of respiratory failure or clinical signs of rig^t heart 
- t- t^finline:. Fatients> may-have severe (Stage/in) COPD. even if fte FEViis > 30%. 

predicted, wfadiever tiiese complications' are present At diis stage, quality of life 
is f^ipredabty hnpaired and esaceibations may be lif^^ 

CX)FD is generally regarded as a separate condition fiom asduna (reversible airflow 
Htnit attofi) in teooos of inflammatory jnocesses, undolying pathology, and reE^xmses 
to treatment Airway inflammation in asthma is characterized by infiltration of 
eosinophils and T helper-2 lynq)hocytes. Macrophages are less frequent and CDS T 
cells are usually absent The T2 cytokines predominate: IL-4 and ILrl3 play an 
iinp o rtant role in IgB production, whereas IL-5 is critical fm eosinophil growtih and 
differentiation (Barnes P J., 2000). 

Airway inflammation in COPD is characterized by the presence of neutrophils, 
macrophages and CDS T cells. Histopathological studies show that most 
inflamonation in COPD occurs in the peripheral airwi^ (bnmchioles) and lung 
parenchym. The brondiioles are obstructed 1^ fibrosis and there is destniction of lung 
parend^ym. Bronchial biopsy results show similar findings. There is also a maiked 
increase in macrophages and neutrophils observable in bconchoalveolar lavage fluid 
and induced sputum. 

En^lQrsema is caused hy an imbalance of proteases and protease InhibitQrs. The 
conoentration of inflammatory mediators sucb as lenfcotriene B4 , TNF-a and IL-8 are 
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incceased in sputum of patients wiih GQFD CBames P. J., 2000). O&ier inflammatoiy 
cytddnes assodated with OOPD are TGF-p, IL-l, IL-6, IL-11 and IL-18. Also a tole 
for IFNy in COPD has been mentioned in the liteiatuie, however with some differing 
data. Wang Z. et al. (2000) describe a transgenic mouse model, wifli IFNy inducibly 
targeted lo the adult murine hmg^ showing en^hysema, macrophage and neutrophil 
infiitrariftn and invexsed piotease^anti-piDtease ratio. Miyori M. et aL(1999) showed 
an incxease in the pensentage of EFNy-pioducing cells among peripheral blood T 
helper ceHs ftom patients with COFD. Analysis of cytokine levels in BAL 
(branchoalveolar lavage) discloses a prevalaot Tl cytokme pattern hi COPD, however 
this difference was not significant when OTPD patients were compared with the otto 
two gtoiqis (asOmatics and non-smakeis) (Balbl B. et al., ATS 2002). Lethbridge 
. M.W.G. et al. (2002) even showed a disproportionately low number of IFNy- 
' V -eiqnessmg airway lyn^hociytes m COPD smokers -as conspared to healthy smokers 
^ • J : . • pnd healthy ex-smokers. • The ' 'assbciatiilm- *^of ^= chronic inflammaticm whh the 
pafluip^siolQgy of COPD makes IL-1, ID-IS, and TNF-a targets for flierqjeutic 
interventioii (d© Boer W.L, 2002). Macrophages predommate and appear to play a 
central role as they have the capacity to produce all the pathologic changes of COPD 
(Hautamaki, 1997). Macrophages release LTB4 and IL-8, which are potent neutrophil 
diemo-atffactaniB, and multiple proteases responsible for tiie conthmed proteolytic 
activily in the lungs of patients with enqphjrsema. 

At the present time, tiiere are no known drugs that slow tiie relentless progression of 
COPD and there is a pressing need to develop new drugs to control the inf l ammat ory 
and destractive processes tiiat nndedie the disease. Smokmg cessation is tiie only 
measure tot will slow the progression of COPD. However, even if die patient stops 
smoking, the damage already caused will continue to cause symptoms (Barnes PJ., 
2001). Cunentiy available drugs tiiat provide synqjtomatic relief m COFD are: 

• Brondiodilators, whidh are tiie mainstay of current dnig ther^ for COPD 
(Leckie MJ. et aL, 2000). 

• Inhaled corticosteroids are also widely prescribed for COPD but have a risk of 
systemic side effects (Barnes P.J., 2000), The usefohiess of mhaled 
corticosteroids in COPD remains controversial (Leckie MJ. et aL, 2000). 

• Theophylline 
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• Althou^ anIibiGtics are still widely used for exacerbations of COPD. it is 
iocteasingly recognized tiiat exacerbations may be due to vind infections of tiie 
upper respiratory tract or im^ be noninfectiv^ so tiiat antibiotic treatment is not 
always warranted (Barnes P. J., 2002). 

T^gnphnrmnflnlngie treatments ittclude oxygen tiierapy, non-invasive ventilation, 
exercise training, polmonaiy rehabilitation and lung volume reduction surgery 
(Barnes P J., 2000). 

A better undecstan^ng of llie oeUnliir and molecular mechanisms involved in COPD 
provides new molecular targets for the development of drugs and several classes of 
new drugs are now under development Leukotriene B4 (LT B4) inhilntors, chemokme 
inhibitors, TNF-a inhibitors, antioxidants, iNOS inhibitors, and corticosteroids are 
exaniples of inflammatory na^diator. antagonists.. Examples of protease. inhibitors ar^ • 
., neutropha.^. el9stase> inMlntipis,! .:catiiq98ia -mlilbitm . ai-antitiyp^ : secretory 
leukioprotease inliiUtcnr and elafin. New anti-inflammatary drugs to COPD are PDE 
type IV inhibitors, NF-kB inhibitors, adhesion molecule blockers, IL-10, p38 MAP 
kinase inhibitors, and PB-kmase inhibilors ^ames P. J., 2001). 

As described earlier, currently available thers^ies for Tl inflammatory lung disease 
are broad acting and directed to the iinprovement of clinical symptoms and/or to a 
general reduction of inflammation. There is thus a need for new selective ther^utic 
steatites which end tiie xelenlless progression of said diseases by targeting a Issiy 
mediator of the undedying mechanism. 

Notwithstanding tiie fact tiiat several potential tiierapies tor Tl mediated 
inflammatory lung disease have been proposed, no prior art exists revealing tiiat 
neutraliadng IFNy bioactivity is elective in the treatment of Tl mediated 
hiflammatory hmg diseases such as COPD, severe astiuna, sarcoidosis, berylliosis, 
and cystic fibrosis. 

The present invention demonstrates that the inflammatory and destractive processes 
that underlie Tl inflammatory lung diseases can be treated by neutralizing IFNy. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide metiiods and corapositions for 
preventing or treating Tl inflammatoiy lung disease, particularly COPD, empliysema, 
chronic bronchitis, broncldolitis, severe asfluna, saicoidons, bet^liosis, and cystic 
fibrosis. 

Hie present invention provides a method for preventing or treating Tl faf l ainnia toiy 
hmg disease, saidmetiiod com|idsing xedodng omeutralizing tiiebioactivity of IFNy. 
Several methods and cooipositions can be applied for this and are tims part of the 
current invention. 

An aspect offlie^present inventicoi.relates to the use of an EFNy neutralizing molecule ., , 
,fbr.pieventing qi^^tr^i^g Tl l|}flmomatMyjong.d^ More particularly, the 
piesent invention rdates to the use of an anti-IFKy antibody for preventing or treating 
Tl inflammatozy lung disease, said antibody preferably being a monoclonal antibody. 
Furtiiennore, tiie present invention relates to tbe use of a human or a humanized anti- 
IFNy antibody for preventing or treating T 1 inflatrnnatoiy hmg disease. More 
specifically, fhe present invention relates to the use of the anti-IFNy antibodty D9D10, 
and more particulady a humanized anti-IFNy antibo4y D9D 1 0, fiir preventing or 
treating Tl tnflammaloiy lung disease. 

Anotiier aspect oftiie present invention relates to file use of immunogenic fiir 
pteventfaig or treating Tl infianmiatory hmg disease, and in particular tiie use of 
human immunogenic IFNy. 

Accordingly, tiie piesent invention also relates to tiie prevention or treatment of Tl 
inflammatory lung disease by immunization witii a pharmaceutical composition 
conqnising immunogenic IFNyprotdns and/or IFNy derived (poly)^^ Several 
techniques to render IFNy immunogenic are well Imown in the ait an^ 
hxvention allows for all kinds of permutations of tiie oiigMi IFNy sequence, and all 
kinds of modifications therein. 
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Ancyflier aspect of tbe invention relates to Ae use of the technology of genetic 
immunization, also known as 'TDNA vacchiation", for preventmg or tteatmg Tl 
inflammatoxy lung disease. 

DETAILED DESCSRIPTION OF THE INVENTION 

Uidess defined otherwise, aU technical and scientific tenns used heidn hacve tiie same 
meaning as commonly understood by one of ordmary skill m the art Although any 
metiiods and materials similar or equivalent to those described herein can be used in 
the practice or testing of tiie present invention, the pre&tred metiiods and materials 
are flow desGdbed. AU piMcations mentioned heieunder axe incoq^^ 
lefmnce. Unless mentioned otiierwise, the techniques en^jloyed herein are standard 
metiiodologies welJ kno^wn to one of onlinary sldil in die art Tie materials, meflibds 
and exi^l^ m 

The present invention provides conqiosntiGns and methods for preventing and treating 
Tl mflammatoiy lung disease. Said lung diseases include but are not limited to 
COPD (comprising enqphysema, duxmic bronchitis, and bronchiolitis), severe asthma, 
saicoidosis, berylliosis and cystic fibcosis. The metiiods of tiie invention encompass 
die neutralization and/or reduction and/or blockade of IFNyHoac^ Thecnnent 
invention tinis lelates to a mefliod fat preventing or treating Tl inflammatory lung 
disease, said method comprismg tiie neutralization of IFNy bioactivity. Several 
metiiods and/or compositions can be used in mder to achieve said effect and will be 
described hereunder. 

Aiiiw^irifltratfon of IFWy "'^iVB'^-g molccttics, 

A first Bspect of tiie invention is directed to the use of a molecule enable of 
neotralizh^ and/or reducing and/or fidly inhibiting die Irioactivity of IFNy for 
pieventiiig or treating Tlhifiammatoiyhmg disease. More specifically, tiie invention 
relates to tiie use of an IFNy neutralizing molecule for the manufacture of a 
medicament for preventing or treating a Tl inflammatoiy lung disease. 
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A Tl inflammatoxy hing disease" is characterized by a Type 1 immune response 
mediated by T helper-1 ceUs (CD4+) and T cytotoxic-1 ceUs (CD8+) and by 
predominant production of interferon g^mma 0™^), tumor necrosis fector (TNF) and 
interleukin-2 (IL-2). Tl cytokines evoke cell-mediated immuni^ cibaiacterized by 
pjondnenthmg tissue inffltiation of macrophages. neutKQ^ Examples 
of Tl inflammatory lung diseases include, but aro not limited to COPD, emphysema, 
chronic bronchitis, broncMoKtis, severe asflmia, sarcoidosis, berylHosis, and qystic 
fibrosis. 

As used herein, flie term "molecule" encompasses, but is not fimited to, an antibody 
and fiagments timreo^ a diabody, a ttiabody, a tetravalent antibody, a peptide, a low 
molecular wei^t non-peptide molecule (also referred to as "small molecules") and a 
(soluble) IFNy receptor or fi«gments thereof, which specifically reduces and/or 
inhibits IFNy bioactiyi^. of any species, mclu^ 
intids-respect' v - 

As used heidn, ie term "antibody** refers to monoclonal antibodies, polyclonal 
antibodies, antibodies which are derived from a phage Ubraiy, humanized antibodies, 
syntiietic antibodies, chimeric antibodies, antibody fragments, single-chain Fv's, or 
GonsfiuctB fheieof . The term "monoclonal antibo^ refers to an antibody conqpodtion 
having a homog^eous antibody population. The term is not intended to be Imutedby 
the manner in which it is made. A monoclonal antibody typically displ^ a single 
binding affinity for a particular polypeptide with which it immunoreacts. A 
monoclonal antibody to an epitope of die IFNy antigen can be papaxed hy using a 
lecbniqpie vdnch provides frnr die production of antibody moleccdes by continuous cell 
lines in culture. These include but are not limited to the hybridoma technique 
origmally described by KoWer and Milstein (1975). Monoclonal antibodies can also 
be produced in various ways usmg techniques well understood by those having 
ordinary ^ in tiie art Details of tiiese techniques are described in "Antibodies: A 
Laboratory MaaaaT, Harlow et al.(ed.)^ Cold Spring Harbor PubUcations, p. 726 
(1988), or are described by Campbell, A.M. ("Monoclonal Antibody Technology 
Techniques in Biochttnistry and Molecular Biology," Elsevier Science Publishers, 
Amsterdam, The Netherlands (1984)) or by St Grotii et aL( J. ImmunoL Mefliods 
35:1-21 (1980)). Monodonal antibodies of any qpedes, including humans, can be used 
in tills invention. Acooi^ng^, die antibodies according to tins enobodiment may be 
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human monocloiial antibodies. Such human monoclonal antibodies may be prepared, 
for instance, by fhe generation of hybridomas, derived fiom immunised transgenic 
animals, containing large sections of the human immunoglobulin (Ig) gene loci in the 
eemiHiie, intescaled by flie yeast artificial duomosomal (YAQ technology (Mendez 
et aL, 1997). Also fiagmenis derived fiom tfiese monoclonal antibodies such as Fab, 
F(aib)*2 and scFv ("single chain variable ftagmenf providing they have retained the 
original binding jirqperties, form part of the present invention. The present invention 
thus also relates to the use of an anti-IFNy antibody for the manufocture of a 
medi&ament for preventmg w treating Tl inflammatoiy hiqg disease, wherein said 
antibody is a monoclonal or polydonal antiboify, and nu»e paiticulaiiy a human 
monoclonal or polyclonal antibody. 

As used herein, &e tenn 'liimianized antibody" means that at least a portion of fhe 
fiamewodc- t)Bg^oiis of an mmimiq^obulin ior^gineered antitMM^ cbnstiuct is derived 
ftozn Inmian inomunogjto i^equences. It ^duld be clear that aiiy method to 
humanize antibodies or antibody constructs, as for example by variable domain 
resurfodng as described by Hoguska et al. ( 1 994) or CDR grafting or reshapmg as 
reviewed by Hurle and Gross (1994), can be used. 

As used herein, tiie term "dumeiic antibo^ refers to an eng^ered antibody 
construct comprising variable domains of one species (such as mouse, rat, goat^ sheep^ 
cow, llama, or camel variable domains), which may be humanized or not, and 
constant domains of another species (such as primate or hiunan constant domains) (for 
review see Hurle and Gross (1 994)). It should be dear &at any method known in fiie 
art to develop chimeric antibodies or antibody constructs can be used. 
As used herein, fhe term "single chain Fv", also termed scFv, refors to engineered 
antibodies prepared by isolating fhe bmding domains (both heavy and light chains) of 
a binding antibody, and supplying a linking moiety which permits preservation of tiie 
bhidhig functian. This forms, in essence a radically abbreviated antibody, having 
oiily that part of tibie variable domain necessary for binding fhe antigen. 
Information concerning the generatioD, design and ejcpression of recombinant 
antibodies can be found in Mayforth RD, *l>esigning Antibodies", Academic Press, 
San 0i^ (1993). 

As used herein, foe tenn "^agmoir or "fiagments" refers to F(ab), F(ab)'2, Fv, scFv 
and other fiagments which r^ain the antigen binding fonction and spedfidty of foe 
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parent antibody . The methods for producing said fiagments aie well known to a 
person skilled in tibe art and can be found, for example, in Antibody Engineering, 
Oxford University Press, Oxford (1995) (1996) andMethods in Molecular Biology* 
Humana Fiess, New Jersey (1995). In addition^ ai^ ccxnstroct of an antibo^r or a 
fogment is also a sulQect of the current inventicm. As used hei^ 
"constructs* relates to synthetic or recombinant molecules, including but not limited to 
diabodies, triabodies, tetnwalent antibodies, pepta- or hexabodies, and the like, that 
are derived fiom an antL-IFNy antibody. The present invention tiius relates to the use 
of an IFNy neutralizing molecule for the manu&ctuie of a medicament fer preventing 
or treathig aTl inflammatoiy lung disease^ wfaer^yy said molecule is a construct 
derived from an anti-IFNY antibody. 

As used herein, tiie term "diabody". relates to two non-covalenHy-linked scFv's, 
- whicM-tiieii form a so-ciolled diiabody, as described in detail by Holliger et al. (1993) 
> aod^ ^viewed by Poljld^ (1994)} -It 'should be- dear that aiqr method to generate 

diabodies, as for exan^le described by HolHgar et aU (1993X Poljak (1994), and Zhu 

et al. (1996), can be used. 

As used herein, the term **trjabody" relates to trivalent constructs conqnising 3 scFv's, 
and llms conquismg 3 variable domains, as described by Kortt ^ aL (1997) and 
TOaHi>fl et aL (1997). A medKMl to ^nefate liiabodies is described by Kortt et al. 
(1997). An example of a triabody is given m WO 99/09055 by Innogenetics N.V. 
It should also be clear ihat the scFv's, chimeric antibodies, diabodies and triabodies 
described above are not limited to con^rise tiie variable domain of the same antibody 
but may also conqnise variable domains of oiher and-IFKY antibodies wblch 
«flRM«titly fgdiiee or ncntfalizB the hjoactivity of IFNy. FurthermoTB, the diabodies or 
triabodies described above may also con^se two scFv's of different specificities. 
For exanq>le. Has latter diabodies may simultaneously neutralize IFNy on ^e one hand 
and may target another molecule such as TNF-a, IL-1, lL-2, B7.1 or CD80, B7.2 or 
CD86, IL-12, IL-4, IL-10, CD40, CD40I^ IL-6, oon^lement foctor, coagolatiQn 
factor, fibrinolysis factor, tumour growth fector-beta (TGF-P), transferrin recqitor, 
insulin receptor and prostaglandin E2, or any other molecule, on the other hand. 
As used herein the terms "IPNy neutralizing molecule" or 'IFNy neutralizmg 
antibo^' xefisr to a molecule and an antibody which inhibits or blocks any bioactivity 
of IFNy, respectively. 
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The tenn "Tnoactivit/* or *nuolo^cal activity" of IFNy relates to flie antiviral activity 
(Billiau, 1996), the induction of tiie expression of MHC-class-H molecules by 
macippfaagBS and otiier cell types (Steinman et al., 1980), tiie stimulation of flie 
production of inflammalmy mediatois such as TNF-a, IL-l and NO (Loisbach et al., 
1993), fbe induction of the enpressdon of adhesion molecules such as ICAM-1 (Dustin 
et al^ 1988) and of important costimiilators such as tiie B7 molecules on professional 
antigen presenting cells (Freedman et al., 1991), the induction of macrophages to 
become tumoricidal (Pace et aL, 1983), tiie induction of Ig iso^e switching (Snapper 
and Paul, 1987) or any oflier known bioactivity of IFNy, Billiau et al. (1996) 
describes patiiologlcal and/br clinical activity during diseases in which IFNy is 
pathogenic It should be noted tiiat the molecules which neutralize IFNy as described 
herein, neutralize at 1^ one bioactivity but not necessarily all bioactivities of IFNy. 
..Tests ..to evaluate ;^^ve.ff^; 6^^ or antibodies (ie. IFNy„ 

neut^pzuig. motecnlcN? jcn antibo^es 3e£|>.> on the bioactiviQr of IFNy. arc availabk 
and wen known to tiie skilled person. Examples of said tests are, but not limited to, 
"inhibition of MHCO-induction" and/or "inhibition of anti-viral activity". In flie first 
mentioned test, tiie effect of IFNy on tiie induction of MHC dass H raquession on 
keratinocytes is examined. Vae tins, primary keratinocytes are cultured with two 
concentrations of IFNy (100 UM and 200 U/ml) for 24 and 48 hours. After culture, 
cells are collected and the expression of MHC class n antigen on tiie activated 
keratinocytes is measured by FACS-scan after staining (30 minutes at 4*»C) of flie 
cells witii a PE-kbelled anti-MHC-class n mAb. fai addition, tiie effect of an anti- 
IFNy molecule on tiie IFNy-induced MHC-Class n e^ssion on keratinocytes is 
examined. In titis eaperimen^ primary keratinocytes are cultured witii IFNy (100 
U/rhl) m the presence or absence of different concentrations of anti-IFNy molecules 
or antibodies for 48 hours, IFNy is preincubated with anti-IFNy moleooles or 
antibodies for 1 hour at ST'C before adding to tiie keratinocytes. After culture, cells 
are collected and tiie expression of MHC-Class n on tiiese activated keratinocytes is 
measured. For tins, Ireratinocytes are incubated (30 minutes at 4*»C) with a PE- 
labelled anti-MHC-ClassH mAb (Becton Dickinson), washed twice with PBS and 
fixed The MHC-Class II expression is furtiier anafysed on a FACS-scan. Analogous 
to tiie described test; tiie effect of IFNy on tiie induction of MHC-dassHesq^iression 
on B oeDs can be examined. Also other ejcperiments knofwn to tiiose skilled in tiie art 



15 



can be per&nned in order to evatuate &e neutiaUzation capacity of anti-IFNr 
molecules (incl. antibodies). 

For the second test, whereby neutralization of fho antiviral activiQr of IFNy is 
measured, serial dilutlois of samples (anti-IFNY molecules or antibodies) are prqiared 
in microtiter plates. IFN7 is added to each wda in a final concentrate 
protection UnitsAnl, as tested on A549 cells. The mixtures are incubated for 4 h at 
3TC and 25000 A549 cells are added to each well. After an incubation period of 24 at 
37*»C in a CX>2 incubator, 25 pi of 8x 1 0^ PFU EMC vims/ml is added to tiie ciiUnres 
for at least 24h. As soon as viras-infecfeed control cdltuces reach 100% cell 
destxoctimi, a aystal violet staining is performed in order to quantify surviving cells. 
The neutralization cq)acity of the anti-IFNy molecules or antibodies can be defined 
for instance, as tiie concentration of tiie molecule or antiboity needed to neutralize 
; ; -.95% of ?titte,.antiy^ of 5U/nal IFNy. The nentralization. potenoy of the anti- \ 

V-^D^rm^Ieeblfa^ Norther ass£^:to evaluate the effect 

of anti-IFNY molecules (iricL antibodies) on the bioactivity of IFNy are described by 
e.g. Lewis JA. (1995), KJmY, & Son K. (1996) andby Maeger A. (2002). 
The temi *^revention" or "treatment" as used herein refers to eiflier (i) the prevention 
of the disease of interest ftnophylaxisX or (ii) the redaction or elndnation of 
symptoms, exacerbations or tiie <£[sease of interest (ther^y), or (iii) any process, 
action, i^lication, therapy, or the like, wherein a mammal, mcluding a primate and 
more specifically a human being, is subject to medical aid with the object of 
in^xxoviog tiie manunaTs condition, directiy or indhsctiy. 

The present invention thus relates to a metiiod for preventing or treating Tl 
inflammatory lung disease comprising administering to a patient a pharmaceutically 
effective amount of an IFNy neutralizing molecule. More specifically, the present 
invention relates to a mefliod for preventing or treating Tl inflammatory lung disease 
comprising admmistering to a patient a pharmaceutically effective amount of an anti- 
IFNy antibody. Accordhig to a spedfis enibodiment, tiie antibody is the monoclonal 
antibody D9D10H3G5 produced by tiie hybridoma deposited on August 28, 2001, 
under die Accession No. DSM ACX::2521, wifli die DSMZ-Deutsche Samndung von 
Mikroorganismen und Zdlfculturen GmbH, Mascheroder Weg 11^ D-38124 
Braunscfawdg, Gemiaoy. Said monoclonal antibody D9D10roG5 wiH be iuitiier 
abbreviated tinou^out tiie specification and the claims as D9D10. More specifically. 
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flie present mventionidates to a me&od for preventm^ inflammatoiy 
lung disease com^irismg admmistering to a patient a phannaceuticaUy effective 
amount of an anti-IFNY antibody D9D10 or a fiagment thereof. Fuifliermore, the 
present invention relates to the use of an anti-IFNy antibody to flie manu&cture of a 
medicament to preventing or treatnigTl inflammatory lung disease, said antibody 
pretoab^ being a monoclonal antibody (e.g. D9D10 as described herein) or a 
hmnanized monoclonal antibody (e.g. humanized D9D10 as described herein or as 
described in WO99/09055 by Innogenetics N.V.), 

MferenHy produced antibodies reoogpiizing the'same epitopes as the antibody 
D9D10, as wen as antibodies hnmunologtcally competing with the antibody D9D10 
to the bmding on IFNy are also part of the invention. Therefiwe, according to a 
tother embodiment, the present invention relates to tiie use of an anti-IFNy antibody 

^^iff thereof for prevciiting or treating Tl mftemmatoiy lung disease, 

-• whei^by sMd antibody is di^^ 
die antibo^ D9D10 to die binding on IFNy. As' used herein, the t^ 
equivalent way" or "hmnunologically con^eting" means that these antibodies mhibit 
die bmdmg of D9D10 to IFNy and that these antibodies neutralize die Woactivity of 
IFNy. Pretored mediods for detemuning antibody specificity and afiBnity by 
competitive inhibition, eg. solid phase EUSA, can be found in Hariow et aL (1988), 
Golfigan et al. (1992, 1993), Ausubel et al. (1987, 1992, 1993), and Muller R. (1993), 
and in Karlsson et al. (1991) and Miahnqyist M. (1999). 

As used herem, die temi '*phamiac6utical conq;iosition" or "composition" or 
•Medicament? xefera Id any compodtion comprismg a molecule, including an 
antibody or fiagment diereof, which specifically neutralizes IFNy, preferably m die 
presence of a pharaiaceutically acceptable carrier or excipient. The present mvention 
thus also relates to the use of a pharmaceutical conqiosition comprismg at least one 
IFNy neiitralizhig mokcnle and an acceptable earner to preventing or treating Tl 
inflammatoiy lung disease. More prefiscab^, said con^sition conges die antibody 
D9D10 or a humanized D9D10 antibody and a pharmaceutically acceptable carrier. 
Furdier, said composition optionally comprises other drugs or odier antibodies, 
antibody derivates or constructs. Widi regard to COPD, emphysema, chronic 
bronchitis and dironic obstructive bronchiolitis, exan^iles of such odier dmgs or odier 
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antibodies, antibody derivatives or constnicts are, but are not limited to: 
bronchodilatois, corticosteroids, theophyUine, antibiotics, Leukotriene B4 (LT B4) 
inhibitois, chemoldne inhibitors, TNF-a inhibitors, anti-IL-8, antioxidants, iNOS 
inhibitora, neutrophil elastase inhibitors, cathepsin inhibitors, ai-antitrypsin, secreh«y 
leukopiotease inhibilots, dafin, PDE type IV inhibitors, NF-kB inhibitors, adhesion 
molecule blockers, EL-IO, MAP kinase inhilnfocs, FB-kinase inhibitors and TNF- 
tip peptides as described in WO 00/09149; witii regard to severe astimia: p2-agonists, 
anticholinergics, corticosteroids (e.g. prednisone); with regard to sarcoidosis: 
corticosteroids, cytotoxic agents, immunomodulators (e.g. chloroqinne, 
l^dros^chlofoquine and TNF inhilntors soch as pentoxifyllhie and tbalidomide) and 
the antilqirosy drags clo&zimine and minocyclme; with regard to berylliosis: 
corticosteroids; with regard to cystic fibrosis: antimicrobial agents, corticosteroids and 
/iionrsteroidal anti-inflanmiktbry drugs sudi Qs:ibux>rofen. ; 

It diould also be clear that any posable mixture of any IFNy neutralizing molecule, 
antibody or con^osition described in tiie specification may be part of the above- 
indicated pharmaceutical con^ositicm. The proportion and nature of said 
pharmaceutical conq>ositions are determined by the sohibility and chmical properties 
of the selected compound, tiie chosen route of administration, and standard 
phannaceotical practice. 

The IFNy neutralizing molecule, antibody or a ftagment thereof, and more preferred 
the monodonal antibody D9D10 or a humanized D9D10 antibody, or a fiagment or 
oonstiuct thereof may ftsaa be admmistered or delivered m the finm of any suitable 
composition as described in the specification by any suitable metiiod of 
administration within tiie knowledge of one skilled in the art. 
As used herein, the term "pharmaceutically acceptable carrier or excipient**, whereby 
the term carrier and excipient are used interchangeably, refers to a dihient^ a^uvan^ 
m vehide vntii which tiie fiierapeutic molecule is admhustered. It indudes any and all 
solvents, dispersion media, aqueous solutions, coatings, antibacterial and antifimgal 
agents, isotonic and absorption delaying agents, and tiie like. The use of such media 
and agents for pharmaceutically active substances is well known in the art. Except 
insoihr as any conventional media or agent is inconq»atible wifli the active ingredient, 
tiie use thereof in phannaceutical compositions is contemplated Si^lementaiy active 
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ingiedieiits can also be incorpoiated into ihe conqiositions of fhe invention. A 
composition is said to be "phannacologjcally acceptable** if its admmistmtion can be 
tolerated by tbe xedpient 

Another metbod to neutralize the bioactivity of IFNy is by immunization. 
There is an increased fbcus on metiiods of instructing the recipient's own immune 
system to generate endogenous antibodies of tiie appropriate specificity by means of 
immunization. However, mammals do not generally have high-titre antibodies against 
.,\ self-pioteins in serum because of homeos^tic tolerance mechanisms tl^ 
.-.^ .• fiii'uiation (autotolerance). ^ ^ yi-.j^-ry*".-- . 
..It has been shown (isy Dalqm L et ^9^^^ 

B lymphocytes recognizing self-proteins are physiologically present in normal 
individuals. However, in order for these B lymphocytes to be induced to actually 
produce antibodies reactive with the relevant self-proteins, assistance is needed fiom 
cytokme jnodudng T helper lyn^>hocytBS (Th-oells or Th-lyniphocytes). Normally 
this help is not provided because T lyn^ihocytes in general do not recognize T-cell 
epitopes derived fixmi self-piotems when presented by antigen presenting cells 
(APCs) such as dendritic cells, macrophages and B ceDs. However, by providing an 
element of "fiirdgnness" hi a self-protehi, T-ceils recognizbig the foreign element are 
activated iQMm recognizing tiie fioreign ^itope on an APC (such as^ imtiaUy, a 
mononuclear cell). Polyclonal B lymphocytes (which are also specialised APCs) 
capable of recognizing self-epitopes on the modified self-protein, also internalize the 
antigen and subsequentiy present the foreign T-cell epitope(s) thereof and the 
activated T lymphocytes subsequently provide cytoldne he^ to these self-xeactive 
polyclonal B lyxqphocytBS. Since the antibodies produced by these polyclonal B 
lyinphocytes are reactive with different epitopes on the modified polypeptide, 
including those which are also present in the native polypeptide, an antibody cross- 
reactive witii the non-modified self-fsrotein is induced. In ooncludon, tiie T 
lymphocytes can be led to act as if the population of po^onal B lymphocytes have 
recognized an entirely foreign antigen, whereas in fact only the added or inserted 
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e{Mtope(8) is/are findga to the host In this way, antibodies capable of cioss-reactiiig 
wi& non-modified self-antigens afo induced. 

DifEtam lands of immunization i^vproaches that are able to break B-cell tolerance 
and dxcumveot antibody tolerance mechanisms without inducing auto-antibody- 
mediated padiology and toxicology are well known by flie skilled person and are 
outlined hereunder. 

AccQidingty, tiie present invention relates to flie prevention or treatment of Tl 
^ i^ tt i K ii ift t n r y hmg discase by immunization with a pharmaceutical composition 
con^rising immunogenic IFNy proteins and/or IFNy derived (poly)peptides. These 
IFHy-related conipounds are capable of raising auto-antibodies and/or T cells when 
admmistered in vivo. The autorantibpdies are able to neotralize and inhibit tiie 
biological ac;tiyitieBfjofendoge^^ invention thus 

relates to the use of immunogenic IFNy or IFNy derived (poly)peptides for the 
manufecture of a medicament for prevoiting or treating a Tl inflammatory lung 
disease. 

'■fomnmization" means that a substance or composition of matter eidubits or induces 
an immune response resulting m endogenous antibody production concomitant with 
or witiiout T-cell help. Endog^eous antibody production against IFNy can be 
measured using standard tedmiques, e.g. by ELISA. 
The term "mmnmogen" is intended to denote a substance whidi is c^ble of 
inducing an immune response in a certain mammals, including primates and more 
specifically humans. It will therefore be understood tiiat autologous IFNy is not an 
immunogen in the autologous host undernon-pathogenic conditions. It is necessary 
to use dtiier a strong adjuvant and/or to co-present fi;>rdgn T helper 
autologous IFNy in order to mount an immune response against autologous IFNy and 
m such a case the "immunogen" is the composition of matter which is capable of 
breaking autotolerance. Oflier immunogens described in tiie current invention include 
but are not limited to modified IFNy, non-self IFNy (i,e. DFNy fiom another species) 
and antigen presenting cells loaded mth IFNy. The term "immunogenic IFN/'tims 
specifically relates to: 
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- modified IFNy aad/or, 

- non-self IFNy derived ftom another species (mammalian or other) administered 
with or without an adjuvant and/or, 

- autologous IFNy co-presented or in combination wifli an acQuvant and/or, 

- autolc^us antigen presenting cells, such as dendritic cells, loaded with IFNy. 

The expressions "IFNy " IFNy protem" and 'TFNy polypeptide", which are used 
interchangeably, refer to a fenuly of polypeptide molecules tiiat include human IFNy 
fiom natural sources, synthetically produced in vitro, or obtained by genetic 
«^a«i'r»iariAn tneliiiitng tnefliods of recamMnant DNA technology. The amino acid 
sequence variants preferably share at least about 65% sequence homology, more 
preferably at least about 75% sequence homology, even more preferably at least about 
85% sequence homology; nifest preferabiy at least about 90% sequause homology 
Witii any don^ m p^SSx^^ do&ci^s) of the native 

human IFNy amino add sequence. Several databases and tools fer detennining amino 
add homology axe Imown by tiie person skilled in tiie art, e.g. BLAST®, and are 
dcscribedby Gish W. & States D J. (1993) and in **Bioinformatics: sequence and 
genome analysis". Mount (ed.). Cold Sprung Harbor Laboratory Press (2001). The 
^^tiitimi specifically covers variously glycosylated and ungilyco^lated fenns of 
native liwm»ii IFNy and of its amino add sequence variants. 

A "modified IFNy" is an IFNy protein or IFNy derived fipoly)pcptide which has been 
subjected to changes in its primary structure. Such a change can e.g. be in fee form of 
fe^on or conjugation of an IFNy po1ypq[itide to a sdtable fiisionpartner ^.e. a change 
in primary stcnctuie exdusively involving C<uid/orN-tennmal additions of amino 
acid residues) and/or it can be in the form of insertions and/or deletions and/or 
substitutions in the amino add sequence of IFNy. It should also be noted that fee 
IFNy protein can beccmie immunogeruc due to certain modifications resultix^ firom 
tiie recombinant production process, isolation, handling or storage of fee j^ntdn. 
Accordh^ to a preferred embodiment of tiie present invention fee IFNy protdn is 
tendered irmnunogenic by its modification. 
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One technique involves chemically cioss-liokiiig of fhe IFNy self-pioteiii (or 
(poly)peptide(s) derived fiom it) to a highly immunogenic non-self carrier protein 
such as, bat not limited to, keyhole limpet haemocyanin (Kim, 2001), ovalbumin 
(Richazd, 2000), tetanos toxoid detoxified difteria or diol^^ 1999X 
bacterial outer menibiane piotehis (Gonzalez, 2000), E^li enterotoxin (Lowenadler, 
1994), heat shock proteins (Udono, 1993), and viral-hke particles (CSiackerian, 2002; 
Stomi, 2002). The carrier protein contains several different foreign T-cell epitopes 
needed to trigger the activation of T-odls wfaidi in their turn provide hel^ to B-cells 
that produce antibodies Q»edfically directed against the conjugated IFNy self-antigen. 
Instead of whole carrier proteins, the chemical cross-linking of foreign MHC Class n 
restricted T-cell epitopes may also be efficient for the induction of auto-unmune 
responses against IFNy (Sad, 1992). The current invention tiiius relates to the use of 
•irnnninogenic D^.fQ^^tiie inanu^ 
Tl inflatnina^ 

IFNy by'crosslinkiiig IFNy to an immunogenic rxm-^elf carrier jirotein. Furthermore, 
the current invention also relates to the use of immunogenic IFNy for the manufacture 
of a medicament for preventing or treating a Tl inflammatory lung disease, whereby 
the IFNy protein is modified to immunogenic IFNy by chemical cross-linking of <me 
or more findgn MHC Class II restricted T-cell epitopes. 

A variant on tibte carrier protein technique involves the construction of a gene 
encoding a iUsion protein conqirising both carrier protein or foreign T-cell epitope(s) 
and the IFNy self-protein or B-cell epitope(s) derived tiierefirom. The ibsion protem 
may be eaq^nessed in a suitable host cdl in vitro, ihe gene product purified 
delivered as a conventional pharmaceutical composition co-presented with or without 
adjuvant The current invention thus also relates to the use of a fiision protein for fhe 
manufacture of a medicament for preventing or treating a Tl inflammatory lung 
disease, whereVy the fiision protem comprises a carrier protein or at least one fineign 
T-ceU epitope and the IFNy self-protein or B-cell epitope(s) derived therefirom. 
Alternative^, tiie fiision gene may be administered directly as part of a nucleic acid 
vaccine. 
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The fineiga T-ceD epitope(s) can not only be conjugated to the amino- or carboxy- 
tenmnal end of the human IFNy self-protein but can alternatively be inserted into the 
human IFNy protein either at random or at sites predicted not to interfere with the 
geneial coafbnnalianal structure. As a result^ T-ceD help arises eidier fimn this 
epitcpe(s) or fiom junctional sequences. 

A more refined approach has been described by Dalum and colleagues wherein a 
small part of target molecule is substituted by a single MHC Class n lestncted T cell 
epitope (Dalum L, 1999). The same approach can be used to intiodnce multiple 
epitopes by substitution. The sid>stitntedq>itppe is siqiposed not to interim 
folding of die protein resulting in die adoption of a fully native conformation identical 
to the one found in tiie native endogenous self-protein. Therefore, it is highly probable 
that antibodies recognizing the mmiunogen will sdso recognize and at best neutralize 
Ibe endogenous self-piotrai. ' V * / ' 

< On^ preleixed.ver8Mxn of ^ns.^abQ^en^ ^crili^ in. WO 95/05849 

by Eisner Henrik et aL, which discloses a mefliod for down-regulating self-proteins by 
^Tntwnt iiTriTig with analogues of the self-protems wherein a number of amino acid 
sequence(s) has been substituted with a cocresponding number of amino add 
seqiienoe(s) which each comprise a foreign immunodominant T-oell epitope, vAaia at 
the imme time maintaining the overall tertiary structure of the self -protein in the 
analogue. For the purposes of the present invention it is, however, sufficient if the 
modification (be it an amino acid insertion, addition, deletion or substitution) gives 
rise to a findgn T-ceU ^ntope and at the same tinie presences a substantial mmto 
foe B-ceU epitopes in The present innrention fons relates to the use of 
immunogemc IFNy for the manufocture of a medicament for preventing or treating a 
Tl inflammatory lung disease, wherem the IFNy protein is modified to immunogenic 
IFNy by introducing at least one foreign T-cell epitope into IFNy by insertion, 
substitution, addition and/or conjugation. Sudfineign T-cell epitope can be any 
natural or syntiietic T-cell ^tppe as desoibed herein. 

A "foreign T-cell epitope" is a peptide which is able to bind to an MHC molecule and 
stimulates T-cells in an animal species. Preferxed foreign epitopes axe "promiscuous" 
e^txipes, ie. ^topes which bmd to a substantial fiaction of polymorphic MHC class 
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n molecules in an animal species. A tenn which is often used Inteichangeaibly in tiie 
art is fhe tenn ^hmiversal T-cell epitopes** for this kind of epitope. 

A munber of naturally occuning "promiscuous'* T-cell eintopes exist which are active 
in a lar^ proportion of individuals of an animal spedes, including human, andtiiese 
are preferably introduced in fhe IFNy composition thereby reducing the need fbr a 
very large number of different analogues in ihe same conq>osition. 
The promiscuous epitope can according to the invention be a naturally occuning 
" Iwitmmh T-cell epitope snch as epitopes from tetanus toxoid (e. g. fee P2 andP30 

qpitapea in WO 00/20027), d^htheria toxoid, influenza virus hemagliittfaihi (HA), and 
P. &lciparum CS antigen. 

Over the years a number of other pnnniscuous T-cell epitopes have been identified In 
f^particu}aT, peptides enable o^bhidingB laigb proporticm of HLA-DR molecules 
.,.:.r::^codedbyfe&difGMie^ - 
- * possible T-cell epitopes to be introduced in analogues used according to the present 
invention. Additional q>itopes aie discussed in the following references: Kilgus et al., 
1991;Contrerasetal., 1998; DoolanetaL, 2000, Launoisetal., 1994; Musta&etaL, 
2000; Feniando et aL, 1995; Gaudebout et al., 1997; Fiiedl-Hayek et aL, 1999; 
Kob^yashi et al., 2000. All epitopes listed in these references are relevant as 
candidate epitopes to be used in the present invention, as are epitopes which share 
common motifi witii these. 

Alternatively, tiie epitope can be any syn&etic or artificial T-cell epitope ^ch is 
cq»hle of binding a laige piopoitioii of hs^lo^es. In tins context tiie pan DB. 
cptqpe peptides ("PADRE") described in WO 95/07707 and in the conespondmg 
paper by Alexander J. et al. (1994) are interesting candidates for epitopes to be used 
according to the present invention. 

Anotiier mechanism piovides for tiie generation of a multiplicity of potential T-cell 
epitopes, yet simultaneously retains the target molecule in a conjformation close to the 
native form (Ciapponi,1997). These pioperties can be achieved by rendering one or 
several mutations in a self-protdn to produce a sequence at tiiose jioints which can be 
fimnd in an analogous protein from a second mammalian species. Mutations can be 
^lied to consecutive amino adds or locally dispersed amino acids. 



wo 2004/085477 



PCT/EP2004/050375 



24 



The cunent Invention relates to tiie use of immunogenic IFNy far lEbs mami&ctaie of 
a medicament for preventing or treating a Tl inflammatoiy lung disease, whereby the 
IFNy protein is modified to immunogenic IFNy by rendering one or several mutations 
in the IFNy self-protein. Such mutations may in effect produce a sequence at those 
points ^K^ch canbe fisimdin an analogous protein fiom a second mammalian species. 
Altemadvely, B-cell epitopes of IFNy fixsm a first mammalian species may be grafted 
(e.g. by insertion or substitution) into the ficamework of a protem irom a second 
TnflTTiTnnlinn spccics such tibat the modified protein is able to raise in the first eipecies 
an immunogenic response directed to the natural IFNy protein fccm which the B-cell 
epitopes are derived. A specific embodiment of tiie current invention thus relates to 
fhff ^iffft imtntififtgenie TPNy fer the mamifacture of a medicament for preventing or 
treating a Tl inflanunatoiy hmg disease, whereby a protein fiwn a second m a mma l i an 
' * species is moiled to 'an mimuhdgdSi^ B-cell epitopes fiom an IFNy protem 

'••'^ fibm a'ffist rhia^nmMW fipe^^ work of protem from tiie second 

mammalian spedes. Preferably, tiie first mammalian species is human. 

Auto-antibodies in humans can also be induced by immunization with a non-modified 
analogous piotein fitnn a second mammalian species (Vemersson, 2002). Antibodies 
directed against tiie analogous protein are suspected to cross-react with tiie human 
self-protein resulting in tiie neutralization of its biological activity. The invention thus 
also relates to the use of immunogenic IFNy for the numufacture of a medicament for 
preventing or treating a Tl inflammatory lung disease, whereby the immunogenic 
IFNy is a non-self IFNy derived fiom a second mammalian ^ecies. 

Anti-buman IFNy auto-antibodies in humans can also be achieved by immunization 
witii autologous antigen presenting cells (APCs) ex vivo loaded witii human IFNy (Li, 
2002). The invention thus also relates to the use of at least one autologous antigen 
presenting cell loaded witii IFNy fer the manufacture of a medicament fer preventing 
or treating a Tl infiammatoiy hmg disease. More particularly, the invention relates to 
the use of at least one autologous dendritic cell loaded witii IFNy fer tihe manufacture 
of a medicament for preventing or treating a Tl inflammatory hmg disease 
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nms, given tiie general ibncticmal testiaiiits on the immiinogemciflr of flie constnicts, 
the invention aUows for afl kinds of penmitations of the ori£^ IFNy sequence, and 
all kinds of modifications thezein. 

Scmie of the IFNFy proteins of tiie phansmcentical ooinposition are sufficientiy 
imniunogenic, but for some the inmuine response wiU 

fuithcr comprises an adjuvant substance. It is especially preferred to use an adjuvant 
which can be demonstrated to fedHtate breaking of Ibe autotoletance to autoantigens. 
Various methods of adikving acBuvant effect for tiw coi^ 
principles andmeflibds are detailed in "The Tlieory and Practical Application of 
Adjuvants", 1995, Duncan E. S. Stewart-TWl (ed), John Wiley & Sons Ltd., and also 
in "Vaccines : New Gi^eraticm Bmnimplogical A-djuvants", 1995, CSregoriadis G et aL 
\ (eds.X Plenum Press, New Yoi^^^ ... 

Preferred adjuvants facilitate uptake of the molecules by APCs, such as dendritic 
cells, and activate tiiese. Non-limiting exan5>les are selected from the group 
consisting of an immune targeting adjuvant; an immune modulating adjuvant such as 
a toxin, a cytokine, and a nqrcdbacteriol derivative; an oil formulation ; a polymer a 
micelle fomrfng a^uvan^ a saponin; an immunostimulating complex matrix (ISCOM 
matrix); a particle; DDA aluminium adjuvants; DNA adjuvants; y-inulin; and an 
encapsulating adjuvant Details relating to con^osition and use of immunostimulating 
complexes can e.g. be found in tiie above-mentioned text-books dealing witii 
acBuvants, but also MoranB.etaL, 1995, aswellasBarrLQ.andMitohellG.F., 
1996, provide usefol instructions for tiie preparation of complete immunostimulating 
complexes. The current invention tiius also relates to tiie use of a pharmaceutical 
composition comprising immunogenic IFNy and an adjuvant for treating Tl 
inflammatoiy tang disease. More Bpedfically.flie current invention relates to tiie use 
of aphaimaceutical compo^tion compridng autologous IFNy and an adjuvant for 
treating Tl infiammatoiy lung disease. 

Anotiier approach of immunization indudes the technology of nucleic acid 
Immunization, also known as "genetic imnmnization", "gene immunization" and 
"DNAvaccmation". The present invention thus also rdates to tiie use of a DNA 
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vaccine fittpieventiiig or treating Tl inflammatory lung disease. 
In this embodiment, the introduced nucleic acid encoding ttie modified IFNy protein 
as described herein is preferably DNA which can be in the form of naked DNA, DNA 
fomnilated with chaiged or uncharged lipids, DNA formulated in liposomes, 
emulsified DNA, DNA inchided in a viral vector, DNA fomnilated with a 
transfection-fecilitating protein or polypeptide, DNA formulated with a targeting 
protem or polypeptide, DNA formulated wiA calcium precipitating agents, DNA 
ooiq»led to an inert carrier molecule, and DNA formulated wifli an adjuvant In fids 
context it is noted fiiat practically dl cooffldemtions pertaining 
in traditional vacdne formulation apply to tiie formulation of DNA vaccines. Hence, 
all disclosures herem which relate to use of adjuvants in the context of protein or 
(poly)peptide based plMomaceutical. compositions apply mutatis mutandis to their use 
in nucldo add ?racon^ same holds true te other considerations 

yelrtmg to formuMcmaittdmp^ of admmistiation and, hence, also fiiese 

considerations discussed herein in connection with a traditional pharmaceutical 
coinposition apply mutatis mutandis to tiieir use in nucleic acid vaccmation 
technology. 

Accordmgly, the present inwenfion dso relates to a mefliod of pi^^ 
Tl inflammatory hmg disease by immunization with a pharmaceutical con^josition 
comprising a nucldc acid sequence encoding a immunogenic IFNy protem and/or 
IFNy-derived ^ly)peptide. More spedfically, tiie present invention relates to fiie 
use of a nucldo add sequence encoding an hnmunogenic IFNy protdn and/or IFNt- 
derived (poly)pqrtide for fiie mannfiu:tn» of a medicament for preventing or treating 
a Tl inflammatory lung disease. 

Under normal circumstances, tiie nuddc add of tiie vacdne is introduced m tiie form 
of a vector wherein expression is under control of a viral promoter. 
Therefore, also provided are an expresdcm vector vidiidi cmnptises a polynucleotide 
of file herein described proteins or peptides and which is capable of expressing flie 
respective protdns or peptides, a host ceU conqmsing tiie ejqwession vector and a 
mefliod of producing and puriftong herein described protdns or peptides, 
pharmaceutical antposifions conqnishig fiie herdn described protdns or peptides and 
a pharmaceutically acceptable carrier and/or a^uvants. 
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Detailed disclosures lelalifltg 1o the fisnmilation and use of nucleic acid vaccines axe 
available, e.g. by Donnelly JJ. et al, 1997 and 1997a 

AAmlnlniratian 

The molecule, protein, composition or agent of the current invention may be 
administeied in any manner whkh is medically aocqitable. In addition, it can at any 
time be administered togetiier, simultaneonsly or sequentially, witii anotiier sepamte 
substance, molecule, antibody, composition, or a pbarmaceutically and 
immunologically acceptable carrier and/or veliicle and/or an adjuvant 

Any of the cosnrentional mefliods fixr administration of a phamoiaceutical composition 
are appUcable e.g/paiOTtBially, oiaUy orb 
'^ suMemi^^^ Oflier modes of 

• *" ' admiisttati6n 'fa(^^ and, in some cases, buccal, sublinqpjal, 

intisqperitoneal, intravaginai, anal, and inttacranial applications. Depending on die 
spedfic dicumstances, local or systemic adnmiistration m^ be desirable. 
• One skilled in the art of preparing formulations can readily select tiie proper form and 
mode of administtation depending upon the particular characteristics of the molecule, 
protein, conqwsition or agent selected, tite disease state to be treated, the stage of tiie 
disease, and other relevant circumstances. 

AccQiding to flie sfpecific case, tiie "pharmaceutically effective amount" or "amount 
effective" is one tiiat is sufficient to iiroduce the desired effect This can be monitored 
uang several end-pointsfcnown to those skilled in tiie art such as, but not limited to, 
mortalily, morbidity, and tiie like. Acauding to tiie specific case, the 
pbarmaceutically effective amount should be detemiined as being the amount 
sufficient to cure the recipient in need of treatment, to prevent or at least to partially 
reduce or halt the disease or injmy and its complications. Thetenn'^cipienfis 
intended to include living organisms, e.g. mnrnmals, primates, and more specifically 
humans. Amounts effective for such use will depend on the severity of the disease 
and the general state of tiie redpient's health. As sudi, dosage of the administered 
molecule, protein, composition or agent will vary depending up<m such fectors as the 
recipient's age, wei^ hdgh^ sex, general medical condition, previous medical 
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histocy, conciment treatment wMi oflier phannaceuticals, etc. Administration can be 
as a single dose or repeated doses one or more times after a specific period. When 
administering by injection, the administration may be by continuous injection, or by 
dngle or multiple boluses. TysacsSLy, such composilions are prepared as injectables 
eitiier as liquid sohrtions or susfpendons; solid fonns suitable for solution in, or 
suspension in Uquid prior to fagectionmay alsobepr^jaied. The prepamtion may also 
be emulsifiedi 

The active ingredient of tbe phaimaceutical con^odtion is often mixed with 
exdpients or carriers which are phannaceutically acceptable and compatible witii the 
active ingredient Such excipients are inherently nontoxic and nontiier^eutic. 
Exaxnples of such excipients are water, salme, glycerol, etiianol, lunger's solution, 
■ d^jctecse soh^^ Haiifs sohition. and/or conizations tiiereot: Nonaqueous 
' i^ipieiils miS^ jBS fixed itos and etiiyl oleate may also be used A preferred excipient 
is 5% dextrose in siine. The excipient may cont^ 

as substances that enhance isotonicity and chemical stability, inchidmg buffers and 
preservatives. In addition, if desh»d, file conq?osition miQr conlam 
auxiliary substances such as wetting or emulsi^hig agents, pH buffering agents, or 
adjuvants which enhance the effectiveness of fiie composition. Examples of adjuvants 
are sterile diluents such as water for injection, saline solution, fixed oils, polye^^ 
glycols, glycerine, propylene glycol or oflier qmflietio solvents; antibacterial agents 
such as benzyl alcohol or mefl^ paraboi; antioxidants sudi as ascori)ic acid or 
sodium bisulfite; dielating agents such as e&ylene diaminetetraacetic acid; buffers 
such as acetates, citrates or phosphates, and agents for tiie adjustment of tonicity such 
as sodium chloride or dextrose. 



LEGEND TO THQB FIGURE 

Figure l:TNF-alfe levels wwe measured m file serum of the anhnals after 6 weeks of 
smoldng. Sera fixmi 3 placebo-treated ammate and ftom 3 anhnalsftomtheanti- 
IFNgamma treated group were tested.TNF-alfe was measured using an in house 
developed ELISA. The detection limit is 4pg/ml. As shown m this figure, treatment 
of the smoldng annuals witii anti-BFNgamma inhibits the TNF-alia production. 
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EXAMPLES 
Example 1: 

Mcamircmciit of IFNv in hum if f pftticnta wtrti T1 inflamiMflm 

Immunological inflanmiation may be of a Type 1 wWi ptedominance of interleukin 2 
(IL-2) and interferon gamma QFNy) production or a Type 2 characterized lay 
laedomiiumt IL-4 and tt--5 productioiL Presence of ^ 

Tl inflammatory lung diseases can be measured in diflferem ways as onHined 
hereunder. 

:i One inethod is the measnronent of cytokine levels in^^ontaneously produced and/or 

arc present in the lining fluid of the i^iper bronchial tree. Spontaneous sputum can be 
obtained in a simple and non-invasive way whilst induced spatum is mduced by 
ejq^iosuie of mdividnals to a nebulised saline sdution (Out et al. 2001). Protease 
iidiibitors can be added sdKuily after isolation. 

The g0l and sol phase in sputum can be separated fix*m each o&er by means of 
ultracentrifiigation (SO.OOOg; 4*'C). Oflierwise, mucus can be homogenized by 
treatment wi& di^fliiotreitol (DTT) (Karpati et al., 2000). Additional treatment by 
DNAse to degrade ai^ DNA present or treatment wife ttypshi-EDTA m^ be 
necessary. Further low speed centiifugation (300g) of homogenised sputum allows fee 
separation of supernatant fix>m fee cellular compartment. Supernatant can be used as 
such or concentrated and eventuaUy stored at -TO'^C until assessment of cytokine 
levels. 

BAL fluid is obtained hy standard lavage protocol consisting of mfusing 20 rril 
aliquots of sterile saline solution tiirough an aspiration port followed by lavagp 
coUection through same. This procedure is repeated 5 times. 

Sputum and/or BAL is coUected fipom severe OOPD patients (FEVl < 30% predicted 
according to fl» GOLD criteria), moderate COFD patients (30% ^ FEVl <80% 
predicted accordmg to the GOLD criteria), pack-year matehed healfey smokers 
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(noimal FEVl andsodbioidcsynvtomsofcoughQrs^m 

non-smokers. Patients are well characterized: age, gender, pack-yeais smoking 
bistory, lung function test, acute exaceibations, inflamma t i on. 
Fluid phase of sputum or BAL is evaluated fiar piesenoe of IFNy hy means of the 
Enzyme Linked Immunosoibent Assay (BUSA) mefliod. A proteolytic envixonment 
Was sputum and ibo tiealment of sputum with reducing agents (DTT) may affect 
antigenic deteiminants as well as the characteristics of the antibodies and thus the 
pexfomiance of fbe immunoassays. Therefore, a particular assay has to be validated 
fat its application in sputum. Commeicially available kits fiom Medgenix or R&D 
Systems or Ameisham Biosciences can be used to detennine IFKhr immunoieactivities 
(Keating^, 2002). 

Cellular fractions can be assessed for tiie presence of relative proportions of different 
^' v cell tj^s.by Wright stain on cytosphi slides.- Cellular firactions can fiirdxer be. 
,v. ;-,-\;8nalysed for IFNy production byt immunohistochemistiy. on cytospin slides or RT- 
• PGR on total cell RNA or by FACS analysis of mtracelhalar cytokines. 

The leakage of plasma protems (e.g. albumin, fibrinogen) ftom the blood into the 
airspace may be considered as an overall marker for inflammation. 
Presence of IFNy can also be assessed in biopsies of smokm, non-smokers or ex- 
smokeis with mild COPD or m lung fiagments obtained by lobectonrie of severe 
OOPD patients. IFKy can be evaluated by immunohistochemistxy or RT-PCR. 

Example 2: 

Rflfect of blocking Ifa-gap i«iai hy Mtf-mnn^ Tftt-jHinnna Mah. on cigarette 
amokc induced cmnhvs cma in mice 

INTRODUCTION 

Chronic Obstructive Puhnonary Disease (COPD) is characterized by tiie progressive 
development of a not fuUy reveisible airflow lunitation (Pauwels et al., 2001), The 
airflow limitation is due to a variable mixture of respiratoiy bronchiolitis and 
en^ysema. A major risk fector for COPD is dgaiette smoking. Inflammation of tiie 
airw^ and foe hing? is thouijbt to play a major sole hi foe pathogenesis of COPD. 
Human studies clearly illustrate a smokmg-induced inflammatory response, 
oon^sed of neutrophils, macrophages, dendritic cells, eosinophils, CD4* and CD8* 
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T-lympbocytes in smokeis' airways and lung paicnchyma (Retamales et aL, 2001; 
Casolaro et al„ 1988). The exact tole of individual inflammatoiy cells and mediatois 
is unknown at the moment. 

Wang et al (2000) demonstcaled ftat inteffenm gamma (EFN-gamma) causes 
en^lqfsema with alveolar enlai^men^ enhanced lung 

con^Uanoe, and macrophage- and neutrophil-iich inflammation when inducibly 
targeted, in a transgenic feshion, to Ae adult murine lung. Prominent protease and 
antiprotease alterations were also noted in Aese mice. They inchided flie induction 
and activation of inattix metancprc^mase O^mPH^ 
L, flie elaboration of MMP-9, and to fidective iiAibit^ 



The aim of the current study is primary to investigate the effect of blocking IFN- 
gamma on the development of en^liysema in mice esq»osed for six months to . 
.cigarette smoke. A. secondary objective is. to. stu^ the effect of anti-mouse IFNT- 
gamma mAb on the dgaretle smoke mducedpuhnonary inflamnmt^ 

DESIGN OF THE STDBY 

Three groiqis of 15 mice are followed to 24 weeks. 

Group I is &spoaed to room air and treated twice a week QAaaday and Thursday) 
intraperitoneally with vehicle. 

Group IT is exposed to cigarette smoke 5 days a week and treated twice a week 



Group IE is exposed to dgaiette smoke 5 days a week and treated twice a week 
gdondiQr tiiid ThTrtTri*''y) a " *- ^f ^-8« * ^^iiy mn^i^ aiti-mouse IFN-pamma_mAha 

Blood san^les (3 00-400|il) are taken weeUy (Thursday) ftom die ocular mnus. Serum 
is prepared from each sample. Serum concentrations of anti-IFN-gamma mAb F3, 
n7Kr.f«tmnfl . H^. TNF alia. IL-8. IL-16- different che mokines and other parameters, 
are analvred numa ELISA technology. N Q was measured using Colormetric Nitric . 
Oxide detection kit 



Immediately following tiie last exposure, animals are sacrificed and emphysema and 
lung inflammation are quantified using tiie following parameters: 
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itntpTi yscma: Mean Linear Inteioqit, Mean Alveolar Surfece, Mean immber of 
alveolar wall breaks/alveolar space. 

Tn-flaitimfliion: 

BAL fluid: total number of ceDa, differential oeU court for niaia«ii*agesAnon« 
neutrophils, eosinophils and lynq^cytes. 

Lung tissue (single ceU suspension): total number of cells, macrophages, dendritic 
cells, lymphocytes (CD3+), caD4+ lymphocytes, CD8+ lynq>hocytBS, activated CD4+ 
lymphocytes, activated CD8+ lymphocytes. 

METHODS 
Animals 

. Male C57BV6 mice, 10 wks old (at tiie start of the experiment, i.e. pr^bleeding), aie 
piudiased ftota Harlan (Zeist? JThe Neflieriands). Themice are kept in standard ammal 
■ .icsearehfiw5aities.andrec^eibod.andwat»ad.h^^ 

The local Ethics Committee a|iproved all in vivo manip u l ations. 
Experimental design 

CSroups of 5 mice are exposed to tiie tobacco smoke of 5 cigarettes (R^rence 
agaretle 1R3, Univeisi^ of Kentucky, Lexington) per exposuiB. There are 4 
exposures a day witii a 30 minutes smoke-free mterval between each exposure. The 
animals smoke 5 days a week for up to 24 weeks. The control group is exposed to air. 
At week 24, mice are sacriliced and inflammatoiy pacameteis are exanuned in 
bronchoalveolar lavage (BAL) fluid and lung siQgle cell suspension. Besides, 
histological evaluation of hmg parenchyma is perfimned. 
Tobacco smoke diamber 

Mice are exposed to cigarette smoke, witii tiie use of a smoking apparatus (S. Shapiro, 
Washington Univerd^ Medical CJenter, USA) with tiie chaniber adapted for a &aop 
of 6 mice (chamber volume of 7500 cm^. An optimal smoke:air ratio of 1:12 is 
obtained by injecting smoke and pressurized ah: at a flow rate of 200 ml/min and 2.4 
L/min respectively. 
Bronchoalveolar lavage 

Animals are sacrificed after ip. hgection of an overdose of pentobaibital (Sanofi, 
Liboume, France) and tiie trachea is surgically esq^osed and cannulated to perfbnn 
bronchojdveolar lavage. 1 ml of Hank's balanced salt solution (BBSS) (GIBCO 
BRL), free of ionized calcium and magnesium, and supplemented witii 0.05 mM 
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EOTA (Sigma) is instiUed 3 times via fte tracheal cannula and recovered by gentle 
imuxoal aspiration. The recovered bronchoalveolar lavage fluid (BAL) is centiiiugpd, 
the ceU pellet is washed twice and finally resusfpended in 1 ml of BBSS. A total cell 
count is peifomied in a Baxdcer chamber and the differential cell counts (on at least 
400 cells) are performed on cytocentrifbged prqiaiations after May-Grunwald- 
Giemsa staining. Flow cytometcic analysis of BAL-ceUs is also performed (see 
below). 

The supernatant oflheBALr is stored at ~80**CformeasuremBnt of IFN-gamma. 
Buffto and media'ita' preparation of single cell suspensions and 
imnniBollaoresGCiit labeltag 

Digestion medram consists of RPMI 1640 siq)plemented with 2 mM L-glutamine, 10 
jig/ml stieptomycine, 100 U/ml penicillin, 5 % FCS, 0.001 % p-merc^toethanol (all 
ftmn GIBCO BRL), .1 'ihgtol collagenase typs 2 (WorthingtoniBiochemical Corp.), 
and 0.02.n^ml DNasff>I tgrade-n'fkom bovine pancreas; Boehrii^). FACS-EDTA. 
bufibr coritams PBS (GIBCO BRL) witibout Ca*** or Mg^, 0.1 % azide, 5 % EDTA- 
treated FCS, and 5 mM EDTA. EDTA-treated FCS is prepared by passing FCS 
flirougji a 0.2 |im filter and mixing 1 ml of a0.1 MdisodramEDTA solution with 10 
mloffiheredFCS. 

Preparation of lung sing^ cell snspenslons 

Following BAL, Ihe pulmonary and sfystemic circulation is perfused with saline 
cmitaining 5 mM EDTA to remove the intravascular pool of cells. One lung is used 
for histology, foe ofoer is used for foe prqmraticm of a cell suspension. The hmg is 
flummghly mhiced nshig hidectooqr sdssors and focubated for 30 min in digestion 
medium m a humidified mcubator at 37 '^C and 5 % CO2. Organ fragments are 
resuspended, fiesh digestion medium is added, and incubation is extended for anotiier 
15 min. After a final resuspension, very few organ debris axe left Sanqdes are 
centrifliged and resuspended in caldum and magnesiun^fise FBS containfog 10 nA^ 
EOTA at room tenqierature. FmaHy, foe cells are subjected to RBC lysis, vrashed in 
FACS-EDTA, passed through a 50 \im cell strainer, and kept on ice until labeling. 
Cell counting is performed wifo a Z2 Beckman-Coulter particle counter (Beckman- 
Coulter). 
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f ^iprfSng of BAIi-ceDs and lung dng^ cdl saspendons for flow cytometry 
Cells are pie-incubated wilh Fc-receptor bloddng antibody (anti-CD16/CD32, clone 
Z4G2) to reduce non-specific bindiog. Monoclonal antibodies used to identify mouse 
DC populations aie: biotinylated anti-CDIlc (N418) and PE-ooqug^ anti^'' 
(AF6-120.1X followed by sti:qrtavidine-aU<q*ycoQraiii^ @av-APQ (all flom BD 
FbatMlngBn). Isotype controls are PE-conjungated rat IgG2ii^ rat IgQzb and armenian 
hamster IgG2jc. The following antibodies are used to stain mouse T-cell 
siibpopulations: FTTC-conjugated anti-CD4 (L3T4), FTTC-conjugated anti-CD8 (Ly- 
2), and Iriotinylated anti-CD3 (14S-2C11) monoclonal antibodies. The additional 
maiker used for activation is anti-CD69 (Hl^). Biotinylated anti-CD3 is revealed 
by incubation with Sav-APC (all fiom BD Pharmmgen). Monocytes/macacophages 
win be identified usmg FSC/SSC and CDl Ic staining. 
. As a last step before.analysisi'cellsare incubated w^ 

,.].ai.iiissas6be,.:B^^ for dead,cett.iBxdii^-/^^ Id^g teax^ons are. 

pofoimed on ioe'in FACS-EDTA buSer. 

Flow cytometry data acquisition is performed on a dual-laser FACS Vantage™ flow 
cytometer running CELLQuest™ software (Becton Dickinson). FlowJo software 
(www.Tree5tar.cmn) is used for data analysis. 
Histology 

After clamping the main bronchus of die lung excised for the preparation of a cell 
suspension, fixative (4% parafomialdehyde in PBS) is gentiy infiised through tiie 
tracheal cannula by a continuous-release pump under pressure and volume controlled 
conditions (12 ml/hour, 3 psi, 10 min/lun^ The hmg is resected and fixed for an 
additiaoal 4 h. After routine parafiBn embedding, 3 \im sections are stained with 
hematoxylin and eosin (H&B) (iOinipath) and examined by light mianscppy for 
histological changes. 

Quantification of emphysema is peifomied m abUnded fashion using a Zdss ICS400 
Image Anai^fzer system running a cnstom-made moxphometiy program. The mean 
linear intercept (Lm) is measured for each mouse firom 1 0 random fields by means of a 
100 X 100 nm grid [15], The mean alveolar surface (Am) is also measured in 10 
landom fields per mouse. The number of alveolar wall breaks is counted per field and 
divided by the number of alveolar spaces in that field. The noean nunoiber of 
bieaks/alveolar space is calculated fiom 10 random fields per mouse. 
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RESULTS: 

1-F.ffect of giiti-IFN-immiPft mAh trisat aifiiit on circ"l^<<«f TNF-iilfa levels 
induced in smoV' ^g 

Pioinflaminatoiy «qrt6kiiies, particularly E^lbeta and TNF, may an^lif/ flie 
inflammatQiy response in COPD and be linked to disease severity. TNF-alfe is 
present in high concentrations in the sputum of COPD patients. Serum concentration 
of TNF-alfe aie increased in wei^t-lomng COPD patients, snggesting flmt it m^ 
pl^ a role in the cacheria of severe COPD. TNF^ mhibits to ejspiession of 
Skeletal muscle proteins via activation of KF-kB. This suggests fliat inhibitors of 
TNF-alfe mi^t be usefiil in reversmg the skeletal wasting seen m COPD as well as 
reducing die airway inflammatory response (Barnes, 2003; Oudijk, 2003) 

, fii onr;expeitoent,.*iflamni^ >>y increased 

levelS'Of TNF-alfe in the circulation of die smoking mice, as compared to the non- 
smoking animals. TNF al& is detectable in the smoking animals after 3 to 4 weeks of 
smoking. TNF-alfe levels are decreased hy treatment of the animals wife anti- 
IFNgamma mAb, as shown in figure 1. 

Our results demonstrate that blocking IFNgamma has an effisct on fee systemic levels 
of TNF-alfe. Thus, feese data demonstrate that blocking IFN-gamma has an efiBsct on 
fee mflammatory response induced by smoking m feese anhnals. 
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